A hybrid molecule constructed from Escherichia coli plasmid pMB9 and a fragment of Bacillus subtilis 168 deoxyribonucleic acid functions in cells of leu-E. coli, converting them to leucine prototrophy, but fails to survive in strains of B. subtilis 168.
In our efforts to clone and amplify gene fragments of Bacillus subtilis, we constructed hybrid deoxyribonucleic acid (DNA) molecules consisting of Escherichia coli plasmid pMB9, which carried resistance to tetracycline (tetr), and a segment of the B. subtilis genome.
Covalently closed circular DNA was obtained from E. coli HB129(pMB9) by the method of Wensink et al. (15) , whereas DNA from B. subtilis 168 was prepared by the method of Saito and Miura (11) . The bacterial strains are listed in Table 1 . The bacterial DNA (50 to 200 ,ug/ml) was incubated with restriction endonuclease EcoRI (the generous gift of P. Wensink) at 37°C for 15 to 30 min in a solution containing 12 mM tris(hydroxymethyl)aminomethane-hydrochloride (pH 7.6), 6 mM MgCl2, 50 mM NaCl, and 6 mM mercaptoethanol. Completeness of degradation was verified by examining the banding pattern for the disappearance of uncleaved DNA in agarose-gel electrophoresis followed by ethidium bromide staining (7) . With B. subtilis JAS9 as a recipient in transformation experiments, the biological activity of the bacterial DNA was tested before and after endonuclease digestion. After enzymatic cleavage, the survival of leu+-transforming activity was reduced to 1%. A DNA segment enriched 16.6-fold for leu+-transformation activity was obtained by the method of Harris-Warrick et al. (6) . Its molecular size measured against EcoRItreated phage lambda DNA (7) was estimated at 8.2 kilobases (data not shown).
To prepare hybrid molecules, 0.5 ,ug of EcoRI-treated pMB9 was incubated with 1. (Fig. 1) . The fragments ofB. subtilis DNA released from two plasmids, pIM1 and pIM2, appeared very similar and were estimated at 1.5 kilobases. Since the frgaments obtained after selection in E. coli represented only 19% of the "enriched" leu+ DNA segment obtained from B. subtilis 168, a hybridization experiment was carried out with purified pIM2 DNA and 32P-labeled B. subtilis DNA. EcoRItreated pMB9 and pIM2 DNA were subjected to electrophoresis in agarose tube gels, denatured, and eluted onto a cellulose nitrate filter (13) . The filter was treated as described by Denhardt (2) , incubated with 32P-labeled B. subtilis DNA enriched for leu+-transforming activity, and exposed to X-ray film. Shown in Fig. 2 is a single band of radioactivity, which appears on the filter from the transferred gel of pIM2 in the region of migration of the cloned leu+ fragment.
The transformation efficiency of pIM2 with both E. coli and B. subtilis as recipients is shown in Table 3 . pIM2 transforms E. coli HB101 to tetracycline resistance and leucine VOL. 131, 1977 Figure 3 shows the radioactivity recovered as a function of time from the transformed and lysed cells in acid-precipitable and acid-soluble form. The sharp increase in acid-soluble counts in B. subtilis JAS9 "transformed" with 3H-labeled pIM2 DNA shortly after DNA uptake suggests that the hybrid plasmid may be subject to intracellular nuclease action.
Whereas transformation of E. coli HB101 to leucine prototrophy is clearly plasmid directed, the rare leucine transformants isolated from B. subtilis appear to be the result of chromosomal integration of the B. subtilis DNA fragment.
-_~~~~~~~~~I 0.5 M NaOH-1.5 M NaCI, the DNA was transferred to a nitrocellulose filter (13) . The filter was treated as described by Denhardt (2) and hybridized with 2 x 106 cpm of 32P-labeled B. subtilis DNA having a specific activity of 2.8 x 105 cpmlpg, prepared as described by Grossman (5), using H332PO4 (carrier free, New England Nuclear). After a 16-h exposure, the filter was washed extensively (2) and exposed to X-ray film (Kodak No Screen NS-5T). (C) pMB9.
(D) pIM2 DNA. buffer (pH 7.2), washed twice in the same buffer, suspended to the same volume (0.5 ml) in 0.05 M NaCI-0.05 M ethylenediaminetetraacetic acid, and lysed at 37°C by the addition of 500 pg of lysozyme (EC 2.3.1.17) (Sigma) per ml followed by 350 pg of N-lauryl sarcosine (Sigma Co.) per ml. Acid-precipitable material was collected by filtration through GFIC glass filters (Whatman) after 15 min ofincubation of 0°C in a solution of 5% trichloroacetic acid and 50 pg of salmon sperm DNA (Worthington Biochemicals Corp.) per ml. Acid-soluble radioactivity was determined by collecting the nitrocellulose membrane filtrates after trichloroacetic acid precipitation. Samples were counted in Aquasol (New England Nuclear) in a Beckman scintillation spectrometer (LS-1000). from B. subtilis 168. The extremely low level of transformation of the cloned fragment may be a result of its low molecular weight (1.5 kilobases), which would preclude efficient integration into the chromosome (10 
